SUMMARY Gallium ("7Ga) citrate uptake over the orbits, parotid glands, and lungs was examined in six newly detected patients with sarcoidosis and 17 with chronic sarcoidosis. Six of 23 (26%) had uveitis, 18/23 (78%) decreased lacrimal secretion, and 13/16 (81%) epithelioid cell granulomas in conjunctival biopsies. Ten patients with other diseases served as controls. Only five patients had ocular complaints and two had enlarged parotid glands. 67Ga uptake over the orbits and parotids was measured by a quantitative computer based method. Gallium uptake was significantly higher over the orbits (p<0O001) and parotids (p<0-01) in the newly detected patients and in the parotids (p<0.01) in the chronic group than the corresponding uptake in the controls. We suggest that in sarcoidosis an increased 67Ga uptake in the orbital and parotid areas may be a phenomenon comparable to an increased 67Ga uptake in the lungs in active alveolitis. Gallium scan is a good method for revealing even symptomless ophthalmic sarcoid changes. However, in chronic sarcoidosis an equal or only slightly increased gallium uptake over the orbits compared with background activity does not exclude ocular sarcoid disease.
Epithelioid cell granulomas are the histological hallmark of sarcoidosis. However, recent studies'2 have shown that activation of immune cells precedes and modulates the formation of the granulomas. Studies with radioactive gallium (67Ga) have added to the knowledge of the pregranulomatous cell mechanisms. In sarcoidosis 67Ga has been shown to be taken up by 'activated' macrophages of pulmonary alveoli.' The studies concerning mainly pulmonary changes have also revealed that besides lung areas gallium accumulates often in localised extrathoracic sites, for example, in lacrimal and parotid glands."' Only a few ophthalmological studies have attempted to clarify the phenomenon of gallium uptake over the orbito-parotid areas in sarcoidosis. Weinreb et al.7 showed that, irrespective of an ocular sarcoid disease, "7Ga accumulated in the lacrimal glands in sarcoidosis. Karma et al."9 suggested that in ocular sarcoidosis confirmed by conjunctival biopsies both ocular and parotid areas accumulate radiogallium.
We examined gallium 67Ga citrate uptake over the orbits, parotids, and lungs in patients with newly
Corrmspondence to Anni Karma, MD. Suvantokatu 1 B 33, Tampere, Finland. detected untreated sarcoidosis and patients with chronic sarcoidosis with concurrent ophthalmic sarcoid changes. The intensity of the gallium activity was calculated by a semiquantitative computer based method.
Materials and methods
Twenty-three patients with generalised active sarcoidosis, six of recent onset and 17 chronic cases, and 10 controls were selected for the study. The diagnosis of sarcoidosis was based on a typical clinicoradiological picture and was confirmed histologically in every patient (by mediastinoscopy, biopsy of bronchial mucosa or skin, or by the Kveim test).
Group 1: Newly detected sarcoidosis. This group consisted of six patients whose sarcoidosis at the time of gallium scanning had been diagnosed less than 12 months previously. Five patients were referred by a chest physician for an ophthalmic examination because of marked gallium accumulation seen over the orbits and parotid areas. They had no ocular complaints, but two had enlarged parotid glands bilaterally. One patient (case 1) had a history of (Fig. 1 ).
All the patients with a decreased lacrimal secretion considered to be of sarcoid origin during the time of the diagnosis of the disease still had it at the time of this study. Seven patients had initially had uveitis. In three of them uveitis had become inactivated by the time of this study. At the onset of the disease one patient had had uveoparotid fever. The parotids had become normal in size within a year, but nine years later uveitis was still running a very active course. In addition two patients without uveitis but with conjunctival granulomatosis and lacrimal gland disease had had a transient enlargement of the parotid glands during the first months of the disease.
Either initially or some years after the onset of the disease all the patients had had pulmonary x-ray changes. In seven patients the x-ray changes had resolved by the time of the gallium scanning.
Twelve of the 17 patients in this group had increased or borderline ACE. The mean ACE was 83 5 U/l (range 16-184 U/l). In five patients with normal ACE the disease showed clinical activity: uveitis, enlarging skin lesions, or deterioration of the pulmonary function tests.
Ten patients had received oral prednisolone for two to 92 months, and seven patients had received topical steroids during the years of the follow-up. Three patients received dexamethasone eye drops at the time of the scanning, but none were on oral steroids. Group (Fig. 2) and the other the parotid glands. The activity profiles comprised two or three vertical pixel lines having the maximum activity (maximum number of counts per pixel) of the orbits and the parotid glands respectively. Gallium uptake of the orbits and the parotid glands was expressed in percentages of the minimum background activities (100%) of the profiles between the orbits and parotid glands respectively (Table 2) . Uptake in the lung hila and parenchyma was graded from 0 to 3 relative to liver activity (classification proposed by several investigators' "). Grade 0 signified uptake comparable to background activity; grade 1 uptake greater than background but less than liver activity; grade 2 uptake equal to, and grade 3 uptake greater than, liver activity. * Uptake of the orbits and the parotid glands was expressed in percentages of maximum activity (number of counts per pixel) out of the minimum background activity (1X)%) in the horizontal activity profile between the orbits and parotid glands, respectively. Uptake by the lungs was graded 0-3 relative to liver activity. Grade () signified uptake comparable to background activity; grade I uptake higher than background but less than liver activity; grade 2 uptake equal to, and grade 3 uptake higher than, liver activity.
tThe average activity of the two orbits and two parotids, respectively.
tSignificantly (p<0-01), highly significantly (p<0-)01) different from the control value by Student's t test.
The relative intensity of the gallium uptake over the orbits, parotids, and lungs in the three groups are shown in Table 2 . The 67Ga uptake over the orbits in the newly detected patients with sarcoidosis significantly exceeded the corresponding 67Ga uptake in the chronic patients and controls (p<0001 by Student's t test). The 67Ga uptake of the parotid areas in both the newly detected (p<0.001) and the chronic (p<0-01) sarcoidosis patients significantly exceeded the corresponding activities in the controls. The difference in the values of the parotid uptake between the newly detected patients and the chronic ones was not significant (p<05). All the newly detected sarcoidosis patients showed an increased lung uptake (grade 1 to 3). In 10 patients of the chronic group and in all the controls the lung uptake was not increased. One patient in the newly detected group with an orbital uptake of 170% showed an uptake of 100% by the parotids. She had a bilateral hilar adenopathy on xray, erythema nodosum, and no sarcoid changes were found in the ophthalmological examination. The heaviest 6"Ga uptake by the parotids among the newly detected patients was seen in the patient with Heerfordt's disease (case 1). She had the lowest lung uptake in this group.
None of the chronic patients had a mean uptake over the orbits greater than the corresponding mean uptake in the new cases (252%), but in four chronic patients the parotid uptake exceeded the corresponding mean uptake in the new cases (191%).
In three patients gallium scanning was done twice. In one patient with a chronic sarcoidosis the scanning had been performed eight months before the present study, and in two new patients the scanning was repeated six months and eight months after the first procedure. These cases are briefly reported.
CASE 1
A 56-year-old woman had for three years experienced weight loss, malaise, increasing tremor and rigidity, and transient facial palsies. She was referred for an ophthalmological examination because of complaints of decreasing vision and constriction of the visual fields. The left facial nerve was weak and the submandibular and parotid glands were enlarged and warm on palpation. Her visual acuity was 20/100 in the right and 20/40 in the left eye. Lacrimal secretion was decreased to 1 mm in both eyes. Granulomatous bilateral uveitis was seen. Intraocular pressure was 30 mmHg in both eyes, and the optic discs showed glaucomatous cuppings. Visual field examination disclosed marked defects compatible with glaucomatous changes. ACE was 124 U/l. Lysozyme was 21 mg/l (normal range 3-9 mg/I). A tuberculin skin test to 100 tuberculin units was nonreactive. Chest x-rays showed parenchymal infiltrations. Conjunctival biopsy was negative. Biopsy of the skin lesion of the forehead showed noncaseating granulomatous inflammation. Sarcoidosis with a classical Heerfordt's syndrome was diagnosed. Gallium scan (Fig. 3) showed "7Ga uptake to 223% over the orbits and 418% in the parotid areas respectively, but only slightly increased lung uptake (grade 1). With topical corticosteroids the uveitis became quiescent and the pressure became normal. Systemic corticosteroids had to be restricted because of their psychogenic side effects. Six months later the gallium images of the head and chest were unchanged. CASE 
2
A 37-year-old man with pulmonary sarcoidosis was referred to an ophthalmological examination because, in addition to an increased lung uptake (grade 3), an increased 67Ga uptake of the orbital and parotid areas was seen (Figs. 4A, B) . Mean gallium uptake over the orbits was 250% and that of the parotids 175%, respectively. He had no ocular complaints. Visual acuity was 20/20 in both eyes. Lacrimal secretion was decreased to 1 mm in the right and 5 mm in the left eye, and a peripheral uveitis was seen. Examination of the conjunctivae showed isolated yellowish nodules typical of sarcoidosis. On biopsy they were found to contain epithelioid cell granulomas. The patient received oral and topical corticosteroids for one month. In a follow-up examination six months later the lacrimal secretion became normal. There was no uveitis, but sarcoid nodules were still seen in the conjunctivae. The gallium images showed much decreased activity over the orbits (187%) and parotids (114%) and no activity in the lung areas (grade 0). CASE 
3
A 52-year-old woman had had in the 1950s a right parotidectomy because of malignant disease. Pulmonary sarcoidosis was diagnosed in July 1980. Since then she had been receiving oral prednisolone beginning with a dose of 20 mg/day. ACE was initially 170 U/I but decreased to a normal range in three months. X-ray changes and pulmonary symptoms deteriorated in October 1982. Visual acuity was 20/40 in the right eye and 20/25 in the left eye, and a symptomless uveitis was seen in both eyes. Gallium scan showed an increased uptake over the orbits (157%) and left parotid (208%), but the lung uptake was not increased (grade 0) (Figs. SA, B) . ACE rose to 106 U/l after the prednisolone was discontinued in February 1983. Ophthalmic examination showed reactivation of uveitis bilaterally and nodes in the left iris (Fig. 6A) . Lacrimal secretion had ceased (1 mm in both eyes). Conjunctival biopsy gave negative results. This time gallium images showed increased activity in lung areas (grade 3) (Fig. 6B) showed a highly significantly heavier uptake over the orbits in the newly detected patients and a significantly heavier parotid uptake of both the newly detected and chronic patients compared with the corresponding uptake in the controls. In addition all recently detected patients and two-fifths of the chronic patients showed an increased lung activity.
Bronchoalveolar lavage analyses have shown that in active pulmonary sarcoidosis 67Ga is taken up by activated alveolar macrophages constituting a state of 'high intensity alveolitis', often with an increased number of activated T lymphocytes.2 It is probable that the increased 67Ga accumulation over the orbits and parotids in sarcoidosis is due to an increased density of activated macrophages in these areas, being especially prominent in the newly detected untreated cases.
Because of selection of the cases it cannot be said how often an increased 67Ga uptake in the orbital and parotid areas occurs in sarcoidosis patients. Koegh and associates2 have shown that in pulmonary sarcoidosis a state of low intensity alveolitis which includes, for example, a negative "7Ga image of the lung areas (normal lung uptake) is four times more prevalent than a state of high intensity alveolitis with a positive lung image (increased lung uptake). The high intensity alveolitis in their patients was often followed by a deterioration of the lung functions. They also showed that alveolitis could be unstable and often reverted from a high intensity state to a low intensity state and, more seldom, also vice versa. The decrease of 67Ga activity over the orbits, parotids, and lungs in our patient no. 2 and an increase of the lung uptake in patient no. 3 (Figs. 5 and 6) are examples of such a reversion. In patient no. 2 recovery of lacrimal secretion was seen together with a decrease in 67Ga uptake over the orbits and parotids. And, further, patient no. 3 showed reactivation of uveitis with iris granulomas in association of an increased lung uptake.
The lacrimal gland, a gland comparable to the parotid in its structure and function, is possibly the main locus responsible for the 67Ga uptake over the orbits in sarcoidosis. Our study suggests that the lymphoproliferative tissues of the conjunctivae and possibly also the intraocular tissues can be a site of activated cell elements to be seen in gallium imaging.
In conclusion we suggest that an increased 67Ga uptake over the orbits and parotids in sarcoidosis probably indicates activation of immune effector cells in these areas, and clinical sarcoid involvement, often asymptomatic, may be revealed on ophthalmic examination. On the other hand, in chronic sarcoidosis a negative gallium image or only a slightly increased 67Ga uptake over the orbits or parotids does not exclude clinical sarcoid ocular disease or granulomatous change in conjunctival specimens.
Gallium findings support the results of ophthalmological examinations'" I and of sialographic studies'7 and indicate that in sarcoidosis the lacrimal glands, conjunctivae, and parotid glands are affected Fig. 6 Case3. Eightmonthsafterthephaseshownin Fig. 5 , soon after discontinuing prednisolone therapy an increased "7Ga uptake was measured (A) in the lungs (grade 3) (arrows). Thoraciccontoursaremarked with dots. L=liver. The uptake over the orbits and parotids was unchanged, although uveitis became reactivated and a (B)fluorescein iris angiogram showed sarcoid nodules in the left iris (arrows). more often than is suspected on the basis of ocular and parotid symptoms. Moreover, Heerfordt's disease, earlier regarded as a rare manifestation of sarcoidosis,'" has been brought to a new focus by the gallium examinations.
